The results indicated that linkage was less successful for foreign nationals and young adults, and led to the inclusion of additional data sources, including data on immigrants and emigrants and, importantly, the 2000 census. 6 In 2005, an application by all five University Institutes of Social and Preventive Medicine (ISPMs) to obtain long-term funding for a Swiss National Cohort study (SNC) was successful within the framework of a Swiss National Science Foundation initiative to support longitudinal studies. Approval was obtained from the Ethics Committees of the Cantons of Zurich and Bern and a data centre was established at ISPM Bern.
What does the study cover?
The SNC is a national longitudinal research platform with an evolving, multi-faceted research programme. Ongoing research projects include examining to what extent variations in all-cause and cause-specific mortality across municipalities can be explained by differences in their socio-economic profile; developing an area-based indicator of socio-economic status for use in health research in Switzerland; a life-course approach to mortality differentials, using data from the 1970 and 1980 censuses; examining the socioeconomic determinants of mortality in the old and very old; and the epidemiology of specific causes of death (e.g. road traffic accidents, suicides, perinatal deaths, lung cancer and coronary heart disease).
The SNC also provides support to other cohort studies, for example the Swiss HIV Cohort Study, 7 the Swiss Hepatitis C Cohort Study, 8 the Swiss Childhood Cancer Registry 9, 10 or the Swiss Cohort Study on Air Pollution and Lung Diseases in Adults (SAPALDIA).
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This involves, for example, dedicated linkage studies to increase the completeness of follow-up for vital status and causes of death, or the provision of data on the representativeness of study populations enrolled in other cohorts. Finally, we are exploring the possibility of linking the SNC with the Swiss data of the Multinational MONItoring of trends and determinants in CArdiovascular disease (MONICA) study 12 and other Swiss health surveys 13, 14 that include information on attitudes, behaviours, life styles, as well as self-reported health status, uptake of preventive interventions and utilization of health services.
What has been measured?
All variables from the 1990 census are available in the SNC, and additional questions were introduced in 2000. The census consists of three questionnaires: one for every individual living in the household (102 variables in 1990, 172 in 2000), a household questionnaire (161 variables in 1990, 204 in 2000), which also covers characteristics of the dwelling and a further questionnaire on the building (66 variables 1990, 48 in 2000). The questionnaires (in German, French, Italian and English) and variable lists (in German and French) are available from the SNC's website, at www.swissnationalcohort.ch. Table 1 gives an overview of the information collected in the 1990 census. Causes of death were coded according to the eighth revision of the International Classification of Diseases, Injuries and Causes of Death (ICD-8) until 1994. Since 1995 the 10th revision (ICD-10) has been used. In addition to the date and cause of death and socio-demographic data, information on the time and place of death is included in the mortality file. Registration of deaths is near complete for people dying in Switzerland, but less complete for deaths among immigrants who returned to their countries after retirement. 6 Who is in the sample?
The anatomy of the SNC is shown in Figure 1 . The core cohort consists of the 6.874 million residents who participated in the 1990 census. Participation in the census is mandatory in Switzerland and enumeration is virtually complete. The Federal Office of Statistics assessed non-participation in the 2000 census and estimated coverage at 98.6%. 15 At the time of writing (September 2007), census data from 2000, mortality and migration files up to 2005 had been linked with the 1990 census, resulting in 96.7 million person-years of follow up during which 875 269 deaths occurred. The database is continuously updated with the latest mortality and migration files. Table 2 shows the characteristics of the study population: 82% were Swiss nationals, 51% were females, the mother tongue was German in 64% and 46% were aged 30-64 years. The largest religious group was catholic (46%). Among individuals aged 525, vocational education was most common (45%).
How were records linked?
In the absence of a unique personal identifier, both deterministic and probabilistic methods of record linkage were used to link records from the 1990 census to a death record, a 2000 census record or an emigration record. In the first step, pairs of records that were matched on sex, date of birth, marital status, nationality, religion and place of residence were identified. In subsequent steps, probabilistic record linkage was used, which estimates the probability that a pair of records from different datasets relates to the same person. 16 Additional variables, in particular information on the spouse and family structure were used in this process. Based on probability weights, possible matches were accepted or rejected. Linkage was recently automated using the Generalized Record Linkage System (GRLS) package developed by Statistics Canada. 17 GRLS is an iterative procedure with predefined criteria for blocking and rules for how linkage variables are compared and weighted. GRLS is used each year to include the latest published mortality data.
Of 6 873 687 individuals registered in the 1990 census, 5 628 965 (81.9%) could be linked to a 2000 census record and, during the period 1990-2000, 175 929 (2.6%) to an emigration record and 591 979 (8.6%) to a mortality record (Figure 1 ). For the remaining 476 814 individuals with a 1990 census records (6.9%) no satisfactory link could be found. Table 2 compares unlinked census records with all records from census 1990. The majority of unlinked records related to individuals aged 10-29 years. The lower linkage rates among young adults are probably due to their high mobility and residence in larger cities, which makes linkage more difficult. Also, a large proportion of young adults live in single households, which precludes the use of information on the spouse and family as additional linkage variables. Of the 937 637 deaths recorded from December 5, 1990 (the day after the census) to the end of 2005, 875 269 (93.3%) could be linked to a 1990 census record. Table 3 compares the characteristics of all deaths from the census 1990 up to 2005 with those, which could be reasonably linked to a census record. Deaths that could not be linked were younger at death, less likely to be Swiss nationals and more likely to be women and single. Injury and poisoning, ill-defined causes and other causes were more common among unlinked deaths, and malignancies and cardiovascular causes more common among linked deaths.
Of note, people recorded in the 1990 census were also traced back to the censuses of 1980 and 1970. Despite the fact that in the earlier censuses only the year of birth, rather than exact birth dates are available, a substantial proportion of records could be linked: 82. 
What has the Swiss National cohort found?
Recent analyses of SNC data focused on mortality differentials by level of education among men and women of Swiss nationality, based on mortality data up to 1997. 18 Standardized mortality ratios for men aged 25-39 were 61 (95% confidence interval 54-70) among men with university education, compared with 196 (184-209) among men with compulsory schooling or less. Gradients in women were less pronounced. When expressed as differentials in life expectancy, 19 men with university education aged 30, 50, 65 and 80 years lived 7.1, 5.4, 3.5 and 1.6 years, respectively longer than their counterparts with compulsory education only. In women the corresponding differences were 3.6, 3.1, 2.7 and 2.2 years, respectively. During the years leading to the establishment of the SNC, mortality data from the German-speaking part of Switzerland were included in several analyses of the SEDHA project (Socio-Economic Determinants of Healthy Aging), which studied socio-economic differences in morbidity and mortality in adults in different European countries. Swiss data contributed to analyses of educational gradients in all-cause mortality 20 26 and suicide. 27 Another study examined the influence of marital status on suicide risk. 28 The results showed that despite a comparatively low overall mortality, Swiss men, and particularly young men, tended to show steeper educational mortality gradients than men in other European countries. In contrast, gradients in Swiss women were below average. More recently, the SNC contributed data to the EUROTHINE project (Tackling Health Inequalities in Europe: an integrated approach). A recent analysis of alcohol related cancer mortality showed that gradients in Swiss men were among the steepest in Western European populations. 29 What are the main strengths and weaknesses?
Figure 1 Structure of the Swiss National Cohort COHORT PROFILE: THE SWISS NATIONAL COHORT
Based on the entire Swiss population in 1990, i.e. 6.8 million men, women and children and a follow-up of currently 15 years, the SNC is one of the largest longitudinal datasets worldwide. Value is added by the fact that Switzerland includes several distinct cultural, linguistic and geographical regions and populations within the same country and health system. We believe the SNC has considerable potential, considering the wealth of data that is available from the census, which included separate and detailed questionnaires at the level of the person, household and dwelling, with information that is not generally available in longitudinal studies. Because each building is geo-referenced, the SNC also allows the study of environmental exposures, for example electromagnetic fields from power lines. Finally, the linkage of the census with other existing databases means that the SNC is very cost-effective.
An important limitation is the SNC's reliance on routine mortality data for outcomes, and the lack of information on lifestyle and other exposures. Swiss mortality records are virtually complete for deaths that occurred in Switzerland. However, deaths among immigrants are under ascertained, particularly in older individuals who tend to return to their countries after retirement. 6 The accuracy of death certificates was estimated in a comparison of information on cause of death from hospital discharge records with the data available from the routine mortality statistics in Switzerland in 1989. 30 There was good concordance (485%) for most of the malignant neoplasms, cerebrovascular diseases, ischaemic heart disease and accidents, but low concordance (<65%) for diseases of nervous system, chronic respiratory diseases and other forms of heart diseases. More recent international studies support these results: routine cause of death information is generally accurate for clearly defined diagnoses including, for example, malignant neoplasms, but less accurate for less well defined conditions such as chronic obstructive pulmonary disease (COPD). [31] [32] [33] Can I get hold of the data and where can I find out more?
The SNC database is open to collaborations with national and international researchers. Access to raw and tabulated data has to be approved by Swiss Federal Statistical Office, who owns the data. We invite interested parties to contact the study team (snc_info@ispm.unibe.ch.) in order to discuss project ideas, data access and the submission of a concept to the study's Scientific Board. Templates for concept sheets and further information on the study are available at www.swissnationalcohort.ch.
